The effects of partition of growth time between primary growth and regrowth of perennial organically grown mixed (mainly timothy and red clover) leys were studied over two years in Juva, Finland. Primary growth was harvested at three different dates and regrowth on a single occasion from all plots. Dry matter (DM) yield of primary growth increased by 116 kg per ha per day by delaying harvest (P<0.001) which was partly compensated by a reciprocal effect in the regrowth. Harvesting schedules had no effect on the botanical composition of herbage within harvests, but the proportion of red clover was lower in the primary growth (0.28) than in the regrowth (0.71). The proportion of red clover in weighted total yield decreased linearly from 0.46 to 0.35 (P<0.01) by delaying the primary growth harvest.
Introduction
Use of forages for animal production is dependent on attaining a high dry matter (DM) yield and maximising forage nutritional quality. Since these primary factors are in direct conflict, forage production is essentially a compromise between yield and quality. It is well documented that increases in DM yield of primary growth are accompanied by a decrease in herbage digestibility and nutrient concentrations (see Van 
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Soest 1994). Forage digestibility has a profound effect on animal production. Based on 8 studies, milk production of cows fed grass silage based diets was reported by Huhtanen (1994) to decrease on average by 0.26 kg/day for each incremental 10 g/kg decline of digestible organic matter (OM) content in DM (D-value) .
Regulations on organic production require that forages comprise 0.60 of daily DM consumption of cattle (0.50 is acceptable for 3 months at the beginning of lactation) and the feeds should preferably be produced at the same farm where they are used (European Union 1999) . This places restrictions on the use of concentrate feeds to compensate for sub-optimal forage quality or quantity which may lead to substantial losses in milk production. Thus, implementation of an optimal harvesting strategy is even more important for organic than conventional farming.
Forage leys are harvested several times during the growing season and therefore studies concentrating only on primary growth are inadequate. Under Finnish climatic conditions, typically only two or occasionally three cuts of grass can be harvested within a year. For mixed leys containing clover, such as organically grown leys, generally only two harvests are obtained. The development of leys is slower in regrowth compared to primary growth (Syrjälä and Ojala 1978 , Pulli 1980 , Huokuna and Hakkola 1984 , Bélanger and McQueen 1998 , 1999 , but the residual effects of primary cutting date on subsequent harvest(s) must also be considered. Studies where the growing time has been differentially allocated between primary growth and regrowth are limited. This approach is however, relevant at the farm level, because the harvest of regrowth under Finnish conditions is often optimized based on overwintering ability of the leys rather than forage quality.
Forage legumes are essential components of organic production. The biological nitrogen (N) fixation ability of Rhizobium-bacteria in symbiosis with legume roots is the basis of N supply to the farm nutrient cycle. Legumes (in Finnish conditions mainly red clover) are usually grown as mixtures with grasses, but the different characteristics of legumes and grasses further complicate the choice of harvesting strategy.
The current experiment was designed to elucidate the effects of partition of growth time in a two-cut system on forage quantity and quality. Perennial grass-clover leys were managed under organic conditions, but results may also be applicable to conventional forage production practises. Direct comparisons between organic and conventional leys in relation to forage production were not found and may be difficult to interpret, since the differences in farming systems are likely to affect forage production through changes in, for example, soil N status and the proportion of different plant species. The mutual dynamics and individual properties of two important plant species, timothy and red clover, grown as a mixed sward, were evaluated. Timothy and red clover are usually grown for animal feeds, and therefore results are discussed in context to animal production. Preliminary results from the first year of the study have previously been presented (Rinne et al. 1996) .
Material and methods
Leys were grown under organic conditions at Partala Research Station (62°N) of the Agricultural Research Centre of Finland on fine sand moraine soil (3-6% OM, pH (CaCl 2 ) 6.3-6.8). The seed mixture was comprised of timothy (Phleum pratense cv. Bottnia 2; 10 kg/ha), meadow fescue (Festuca pratensis cv. Kalevi; 6 kg/ha) and red clover (Trifolium pratense cv. Bjursele; 4 kg/ha). In 1995, two main plots (one and two year old leys) were used. The same plots were utilized the following year with an additional main plot of a one year old ley. The plots utilized in the present experiment were part of a larger experiment described by Nykänen et al. (2000) .
Partition of growth time between primary growth and regrowth was studied in a two-cut Vol. 9 (2000): 121-134. system. Main plots were divided into three subplots (10 m 2 ) which were harvested at three different dates in primary growth, each with three replicates. Regrowth was simultaneously harvested from all plots (Table 1) . For maximal utilization of the growing season, regrowths were harvested at the end of August, a time considered optimal for overwintering of the leys.
Plots were harvested with an experimental grass plot harvester, grass yield was measured, and representative samples were collected for laboratory analysis. Samples were dried at 105°C for 20 h for DM determination. Botanical composition of the samples was determined from a representative sample weighing at least 0.5 kg. After botanical separation, the main species, timothy and red clover were fractionated into leaves, stems and inflorescenses. Leaf sheaths in timothy and leaf stalks in red clover were included in the stem fraction. Botanical and morphological fractions were dried in 60°C until dry to calculate their proportions on a DM basis. Then the leaf and stem fractions of timothy and red clover from the three replicates were combined for subsequent analysis.
The ash content of the leaves and stems was determined in a muffle furnace at 550°C for 6 h.
Total N content was measured by the Dumas method using a Leco FP-428 N analyzer and crude protein (CP) content was calculated as 6.25 × N. Neutral detergent fibre (NDF) was determined according to Robertson and Van Soest (1981) and in vitro OM digestibility assessed by cellulase solubility (Friedel 1990 ).
D-value was calculated as (1000 -ash content) × OM digestibility and the metabolizable energy (ME) content of the fractions as 0.0169 × D-value -1.05 (MAFF 1975) . The value of dietary protein defined as amino acids absorbed from the small intestine (AAT) and protein balance in the rumen (PBV) were calculated according to the Finnish protein evaluation system (Madsen et al. 1995 , Tuori et al. 1996 ). An effective rumen degradability of protein of 0.75 was assumed for all samples. Digestible crude carbohydrate content was calculated as (1000 -ash content -CP content -ether extract content) × OM digestibility. Ether extract content was not determined, but values of 20 and 30 g/kg DM were assumed for timothy and red clover fractions, respectively. No corrections in AAT values were made for negative PBV values. Composition of whole plants was reconstituted neglecting the contribution of inflorescenses, and Rinne, M. & Nykänen, A. Effects of harvesting strategy on organically grown leys the composition of total yield neglecting the contribution of other plant species, since these were not determined.
Rate of digestion (k d ) in the rumen was measured using a modified in vitro method of Theodorou et al. (1994) . Only samples from 1995 were analysed. Duplicate samples of 0.5 g were incubated in gas tight culture bottles with rumen fluid and buffers. The volume of gas produced by bacterial fermentation was measured manually with a syringe at 3-12 h intervals, for a minimum of 11 times over a period of 3 d. The curve of cumulative gas production was fitted to the equation p = a + b(1-e -ct ) (Ørskov and McDonald 1979) , where a + b represents the cumulative gas production and c the rate of digestion. The cumulative gas production was not used to assess forage quality, because the volume of gas is greatly influenced by the chemical composition of the substrate (fermentation of CP produces less gas than fermentation of carbohydrates) and the proportion of different fermentation gases.
The cumulative temperature from the onset of growth in the spring [Σ(mean daily temperature -5°C)] is based on data collected from the nearby Finnish Meteorological Institute in Mikkeli, 40 km south west from the experimental site. The onset of growth starts when the mean daily temperature rises above 5°C for 5 consecutive days. Rainfall was measured at the experimental site (Table 1) .
Numerical values for daily changes of different parameters were calculated according to linear regression equations. Experimental data was subjected to analysis of variance using the GLM procedure of SAS using the following model:
where Y is the year (1-2), A is the age of the ley (1-3), C is the cutting time of primary growth (1-3) and R is the replicate (1-3). Primary growth, regrowth and total yield accross both harvests were analysed separately. Some interactions of "year × cutting time" and "age of the ley × cutting time" were found, but because these were in parameters of minor interest, they were not included in the final model. To study the effect of "age of the ley" results were analysed separately for both years. Data concerning herbage chemical composition was not subjected to statistical analysis because replicates were combined. The focus of this experiment was on harvesting strategies and the results of "year" and "age of the ley" are not tabulated. Sums of squares for the effect of "cutting time of primary growth" were separated using orthogonal contrasts into single degree of freedom comparisons of linear (P L ) and quadratic (P Q ) trends.
Results
Postponing the harvest of primary growth increased DM yield of the leys (P L <0.001), but an opposite trend in the regrowth (P L <0.001) partially compensated for this response resulting in a markedly lower though significant (P L <0.05) effect in total DM yield ( Table 2 ). The increase in DM yield of primary growth was 116 kg per ha per day when the harvest was postponed, but the decrease in regrowth was 79 kg such that the effect of timing of first cut on total yield was 37 kg per day per ha. Yields of digestible OM, ME and CP in primary growth and regrowth behaved similarly as DM yield except that no significant effects for total yield were found (P>0.05).
The total DM yield was higher in 1995 than in 1996 (6011 vs. 5012 kg, P<0.001). In 1995, the proportion of primary growth was 0.73 of the total yield, while in 1996 it was 0.64. In general, the plants were in a later stage of development in 1995 than in 1996 during harvests of primary growth (lower proportion of leaves and D-value) despite earlier harvesting dates.
In 1995 the one year old leys were less productive than two year old ones (5652 vs. 6370 kg DM; P<0.05). In 1996, the total DM yields for one, two and three year old leys were 4301, 5275 and 5461 kg, respectively (P L <0.01).
Postponing the harvest of primary growth did Advances in the development of timothy and red clover with postponed harvest in primary growth were clearly indicated by changes in the morphological composition of the plants (Table  3) . Changes were slower in red clover. For example, proportion of leaves in the primary growth decreased 0.0043 units per day in red clover and 0.0080 units in timothy. Reciprocal effects were identified in regrowth, the extent of which were more profound for red clover (the proportion of leaves increased by 0.0099 units per day in red clover and by 0.0026 units in timothy).
Results from chemical analysis of leaf and stem fractions from the plants, reconstituted plants and reconstituted yields are presented in Table 4 . Changes during primary growth were more rapid in timothy than red clover. The decline in D-value of timothy leaves (1.0 g/kg per 
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day) was less than that of timothy stems (6.9 g/ kg per day). The respective values of decline in D-value per day for red clover were 0.8 g/kg in leaves and 3.5 g/kg in stems. These changes resulted in a daily decline in D-value of 5.6 and 2.6 g/kg for reconstituted timothy and red clover, respectively. The nutritional value of timothy was lower than that of red clover in the primary cut. On average D-value and CP content were 634 and 82 g/kg DM in timothy and 689 and 200 g/kg DM in red clover. Because the proportion of red clover was small in the primary growth, the quality of the reconstituted primary yield was high only for the first harvest date. In the regrowth, differences in the nutritional quality between plant species were smaller. On average D-value and CP content were 725 and 128 g/kg DM in timothy and 699 and 204 g/kg DM in red clover. Residual effects of date of harvest in primary growth were lower for the regrowth than differences found in the quality of primary growth. Since primary growth represented the majority of herbage harvested, the marked decline in timothy quality in primary growth was discernible even in the reconstituted total yield for the whole growing season as the weighted D-value for harvests I, II and III was 690, 673 and 631 g/kg DM, respectively. Timothy leaves were digested faster than stems (0.0654 vs. 0.0446 per h) while the reverse was true for red clover (0.0694 vs. 0.0782 per h). In general red clover was digested faster than timothy. Developmental effects on k d of morphological fractions were minor and therefore clear trends in reconstituted timothy were primarily due to changes in the proportion of different morphological fractions.
Discussion Herbage production
Compromises in total DM yield were less than 700 kg/ha caused by early harvesting of primary growth. Similar results were obtained when timing of first cut was manipulated in a 3-cut system (Syrjälä and Ojala 1978) or in a system where the number of cuts varied from 4 to 6 depending on the timing of the first cut (Frame 1987) . Differences between early and late cuts of the primary growth were diminished to less than 100 kg/ha when compared on the basis of digestible OM yield.
Digestible OM yield of forage is a more valid criterion than DM yield when animal production is the ultimate goal of plant production, but this parameter also has limitations. High digestible OM yield may be achieved in situations of large DM yield even though the concentration of digestible nutrients may be low. The critical factor in terms of animal nutrition is the concentration of digestible nutrients due to limited intake capacity of animals (Van Soest 1994). On grass silage based diets, a D-value around 700 g/kg can be recommended for milk production (Rinne et al. 1999a) .
In mixed leys, the proportion of red clover is generally lower in primary growth than in regrowth (0.40 vs. 0.60 without N fertilization reported by Hakkola and Nykänen-Kurki 1994) . In cases of severe overwintering problems such as in 1995 in the present experiment, the proportion of red clover may be very low in primary growth. Postponed harvest of primary growth did not increase the proportion of red clover for either year in the current study. Frame (1987) found that the proportion of white clover decreased with postponed harvest when grown with ryegrass receiving either 0 or 80 kg N per hectare. In the two year trial of Fagerberg and Ekbohm (1995) , the proportion of red clover increased in the first year with postponed harvest of primary growth, but decreased in the second year. A stable but substantially higher red clover content was obtained in regrowth.
In practical feeding situations, it is often only possible to feed one silage at a time. If silages harvested from primary growth which consist mainly of grasses of low digestibility and low intake potential, and regrowth which consist mainly of legumes with high digestibility and Vol. 9 (2000): 121-134. intake potential are to be used, formulation of balanced rations to livestock becomes more difficult. Benefits in the form of increased proportion of clover in herbage DM with postponed harvest of primary growth seem unrealistic.
Development of digestibility
Decrease of digestibility with advancing development of plants in primary growth is well established. Reported values (g/kg per day) for timothy vs. red clover (6.0 vs. 3.3, Salo et al. 1975; 5.1 vs. 1.7, Hakkola and Nykänen-Kurki 1994 (recalculated from ME content estimated according to the Menke gas production method); 3.1 vs. 1.9, Fagerberg and Ekbohm 1995 (recalculated from ME content estimated using Near Infrared Spectroscopy) indicate that the decline is more rapid for grasses than for legumes, a finding consistent with the current data.
In several data sets, digestibility of grasses was higher than that of legumes early in the growing period (Salo et al. 1975 , Hakkola and Nykänen-Kurki 1994 , Fagerberg and Ekbohm 1995 . This observation can also be deduced from the current results by extrapolation of regression analysis presented in Figure 2a . Around typical harvest times, no great differences between species may be found. However, the slower rate of decline of red clover allows more flexibility in harvesting strategy provided that red clover represents a significant proportion of herbage DM.
Only small differences were found in the rate of decline in digestibility, when different species or varieties of temperate perennial grasses were compared (Salo et al. 1975 , Salo 1978 , Hides et al. 1983 , Huokuna and Hakkola 1984 , Cherney et al. 1993 ). However, no direct comparisons of organic and conventional production could be found in the literature. The N supply to the grasses may be lower in organic farming, particularly in cases of low legume persistence. This situation was evident in our data in 1995, which resulted in very low CP contents of timothy.
Several studies have indicated that the level of N fertilization has only minimal effects on grass digestibility, despite increases in CP content (Huokuna and Hakkola 1984, Fagerberg and Ekbohm 1995) . Salo (1978) observed no differences in the daily decline in digestibility of perennial grasses (11.6, 11.8 and 11.1 g/kg per day when plots were fertilized with 0, 50 and 100 kg N/ha, respectively). However, Bélanger and McQueen (1998) observed a low rate of decline of 2.3 g/kg in N deficient grass (0 N), but clearly higher rates of 5.5, 4.6 and 4.8 g/kg in grasses receiving 70, 140 and 210 kg N/ha, respectively. The slow decline in digestibility of unfertilized grass was mainly explained by a greater proportion of leaves in herbage DM (Bélanger and McQueen 1998) . In a later study, Bélanger and McQueen (1999) concentrated on the digestibility development of timothy leaf and stem fractions under varying N nutrition. Leaf digestibility decreased slightly early in the growing season in response to N deficiency, but differences in stem digestibility were not found.
The decline in forage digestibility may not always be linear with respect to time (Poutiainen and Rinne 1971 , Rinne et al. 1997 , 1999b . Sanderson and Wedin (1989) and Bélanger and McQueen (1998) presented the development of digestibility of plants in relation to their phenological development. Estimates of herbage quality were accurate, but the use of phenological indexes is laborious and unsuitable for application on a farm level. Cumulative temperature appears to be a reasonably good predictor of plant development in primary growth at least under Finnish conditions (Pulli 1980 , Huokuna and Hakkola 1984 , Rinne et al. 1999b . Furthermore, information derived from meteorological measurements reduces labour requirements compared to phenological analysis and therefore represents a tool with great potential for practical application.
In the current experiment, the decline in digestibility was linear with respect to time, but was subject to large between-year variations ( Figure 2a ). This variation can be decreased by presenting D-values in relation to cumulative Rinne, M. & Nykänen, A. Effects of harvesting strategy on organically grown leys temperature and the relationship still remains linear (Figure 2b) . A good prediction can also be derived based on the proportion of leaves in total plant DM (Figure 2c) .
The clear decrease in the proportion of leaves appears to have accelerated the decline in timothy quality in primary growth whereas the high proportion of leaves probably contributed to the slower development in the regrowth. The slower decline in digestibility of leaves than stems with advances in grass development is well documented (Terry and Tilley 1964 , Davies 1976 , Hides et al. 1983 , Sanderson and Wedin 1989 , Bélanger and McQueen 1999 . Digestibility of stems may be even higher than that of leaves at early stages of development, but around the common harvest time, digestibility of stems is clearly lower. In the data sets of Terry and Tilley (1964) and Sanderson and Wedin (1989) , legumes were included. The development of lucerne exhibited a similar pattern to that described for grasses. The digestibility development of red clover was only studied by Sanderson and Wedin (1989) . The rate of decline in digestibility was greater in stems than leaves, but the digestibility of leaves remained lower than that of stems during the total observation period.
Declines in digestibility of ley regrowths is slower than that of primary growth (Syrjälä and Ojala 1978 , Pulli 1980 , Huokuna and Hakkola 1984 , Bélanger and McQueen 1998 , 1999 . Due to higher DM yield and larger variations in primary growth quality, the effects of postponed harvest of primary growth were even discernible in the weighted composition of total yield. This was also noted by Syrjälä and Ojala (1978) and Frame (1987) using similar experimental designs.
Consequences on animal feeding
Inclusion of red clover in forage fed to dairy cows has resulted in higher milk production com- Vol. 9 (2000): 121-134. pared to silage prepared entirely from grasses (Thomas et al. 1985 , Randby 1992 . In all cases, the intake of silage containing red clover was greater than that of pure grass silage. Increasing digestibility of forage is generally associated with increased intake (Van Soest 1994), but in previously cited studies, differences in forage digestibilities were small. Legumes seem to have properties other than high digestibility that contribute to a high intake potential.
The NDF concentration of legumes is lower than that of grasses, but the concentration of lignin is higher in legumes (Van Soest 1994) . Possible intake promoting characteristics of legumes have been attributed to faster rates of digestion, passage and particle breakdown in the rumen (Smith et al. 1972 , Grenet 1989 , Van Soest 1994 . These properties contribute to faster clearance of digesta from the rumen thus alleviating the constraint of physical fill on feed intake (Van Soest 1994). Higher k d of red clover compared to timothy was also observed in the current study. Although k d and digestibility were correlated, red clover fractions, primarily stems, had higher k d coefficients than timothy fractions of the same digestibility (Fig. 3) .
Legumes are generally higher in CP than grasses. Responses to increased protein supplementation appear to be independent of grass silage CP content irrespective of the methods used for its manipulation such as N application rates (Shingfield et al. 1999) or harvest date (Rinne et al. 1999a ). In the present study, the contents of AAT and PBV were lower for timothy relative to red clover. Information concerning the true protein value of grass vs. legume forages verified by animal production responses is limited. Heikkilä et al. (1996) reported similar milk production responses to protein supplementation with silage containing clover compared to pure grass silage indicating that responses were not limited by the inclusion of legumes. Ease of indoor feeding of dairy cows would be improved, if forages harvested during summer have similar D-values. In organic production, the D-value should be relatively high due to the limitations in concentrate feeding (European Union 1999). These goals are best achieved when the primary growth of leys is harvested relatively early. If however, low D-value forage is produced due to postponed harvest of primary growth, concentrate intake must be increased to maintain milk production or otherwise a decrease in milk production has to be accepted (Rinne et al. 1999a ). 
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Conclusions
The nutritional quality of both timothy and red clover decreased with postponed harvest of primary growth, but the extent of decline was greater for timothy. However, later harvesting resulted in higher DM yields. Reciprocal residual effects in the regrowth were less profound. If the aim of forage production is to produce feed for intensive animal production, primary growths should be harvested early, because the poor quality of primary growth influenced the quality of forage harvested across both growth periods. Cumulative temperature was a good predictor of herbage D-value in primary growth and it could be used to developed a practical application assisting in the choice of a correct harvesting time.
